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摘   要 
 




2011 年黄海中部微型浮游动物丰度与生物量，4 月(水母暴发前)显著高于 8
月(水母暴发中期)(p<0.05)，而东海(非水母暴发区)无显著差异(p>0.05)；8 月黄海
中部高丰度的水母可能通过捕食，使微型浮游动物数量减少。 
2012 年 6 月(水母暴发初期)微型浮游动物丰度及生物量，东海(非水母暴发区)





黄东海微型浮游动物生物量与环境因子的相关分析表明，2011 年 8 月黄东海
微型浮游动物生物量与叶绿素 a 无显著相关；而 2012 年 6 月和 8 月黄海微型浮游
动物总生物量和无壳纤毛虫生物量与叶绿素 a 均显著正相关。2011 年 8 月、2012
年 6 月，环沟甲藻与硝酸盐均显著正相关，表明硝酸盐浓度对环沟甲藻的分布有
重要影响。 
2011 年 8 月，黄海中部水母暴发中期，浮游植物生长率显著高于水母暴发前
的 4 月；但微型浮游动物摄食率无显著差异。 






















2011 年 4 月与 2012 年 8 月，黄东海浮游植物的生长率与叶绿素 a 浓度显著
正相关；2011 年 8 月和 2012 年 6 月，黄海浮游植物生长率与微型浮游动物丰度

























Using the dilution and microscopic protocols, the abundance, biomass, composition 
of microzooplankton and their grazing on phytoplankton were estimated in the four 
cruises in the Yellow Sea and East China Sea in April 2011, August 2011, June 2012, 
August 2012, respectively. Their relationship with jellyfish bloom was discussed. The 
main results were as following: 
Abundance and biomass of microzooplankton were significantly higher in the 
pre-bloom stage of jellyfish (in April) than that in the jellyfish bloom (in August) in 
2011 in the central Yellow Sea (p<0.05), while there were not significantly difference 
in the East China Sea without jellyfish bloom (p>0.05). The decrease of 
microzooplankton might be due to the predation by jellyfish in the mid-term of 
jellyfish bloom in the central Yellow Sea. 
During June 2012 with the early stage of jellyfish bloom, mean abundance and 
biomass of microzooplankton were significantly higher in the East China Sea (without 
jellyfish bloom) than that in the Yellow Sea (with jellyfish bloom), while there were 
not significantly difference between the early stage and the mid-term of jellyfish bloom 
in the Yellow Sea. However, the individual biomass of microzooplankton was 
significantly lower in the mid-term of jellyfish bloom than that in the early stage, 
which suggested that jellyfish had impacts on microzooplankton by predation and 
trophic cascade effect, and led to change in community composition further. 
The correlation analysis between microzooplankton biomass and environmental 
factors showed that there were not significant correlation between microzooplankton 
biomass and Chl a concentration in August 2011, while microzooplankton biomass and 
aloricate ciliate biomass were significantly positively correlated to Chl a concentration 
in June and August 2012. In August 2011 and June 2012, the abundance of 

















suggested that nitrate concentration had an important impact on Gyrodinium 
distribution. 
In the central Yellow Sea where jellyfish bloomed, phytoplankton growth rates 
were significantly higher in August (the mid-term of jellyfish bloom) than that in April 
(the pre-bloom stage) in 2011, while microzooplankton grazing rates on phytoplankton 
were not significantly different. 
Phytoplankton growth rates were not significantly different between the Yellow Sea 
(jellyfish bloom) and the East China Sea (without jellyfish bloom), while 
microzooplankton grazing rates on phytoplankton were significantly lower in the 
Yellow Sea in 2012. The lower grazing rates in the Yellow Sea might be due to lower 
biomass of microzooplankton. Phytoplankton growth rates and microzooplankton 
grazing rates were not significantly different in different stages of jellyfish bloom (the 
early and the mid-term stages), while the grazing rates per capita microzooplankton 
biomass were significantly higher in the mid-term of jellyfish bloom. The smaller 
microzooplankton in the mid-term of jellyfish bloom might contribute to the higher 
grazing rates per capita biomass. 
In April 2011 and August 2012, phytoplankton growth rates were significantly 
positively correlated to Chl a concentration. In August 2011 and June 2012, we found 
that phytoplankton growth rates were significantly positively correlated to 
microzooplankton abundance in the Yellow Sea. In June 2012, microzooplankton 
grazing rates were significantly positively correlated to microzooplankton abundance.  
There was not significant correlation among phytoplankton growth rates, 
microzooplankton grazing rates and jellyfish abundance/mass in the Yellow Sea and 
East China Sea in our study.  
Key Words: Microzooplankton; Composition; Phytoplankton growth; 
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第一章 绪  论 
1.1  水母暴发研究现状与进展 
1.1.1  水母暴发现状 
水母是自然生态系统中重要的组成成份，一般认为水母是食物链的顶端，只
有少数鱼类与海洋动物能捕食水母(马喜平和凡守军, 1997; Purcell et al, 2001; 




现暴发事件，给海洋生态系统带来严重后果(Uye, 1994; Ishii, 2001; Mills, 2001;  
Uye, 2011)。大型水母集群暴发给全球海洋生态系统带来灾难，已成为全球海洋所
面临的巨大挑战。全球海洋生物多样性普查(Census of Marine Life, CoML)的 10 年
研究报告指出，水母在全球海洋中数量呈增长趋势，在一些区域泛滥，已经遍及
全球 20 多个渔场，许多海区尤其是近海与河口海域水母暴发的现象更是频繁，东
亚海域是重灾区之一(Shiganowa, 1998; Graham, 2001; Mills, 2001; Link et al., 2006; 
Lynam et al., 2006; Uye, 2011; Purcell, 2012)。自上个世纪 90 年代起，我国的东部
沿海也相继出现了大型水母暴发现象，在黄海、东海北部等海域近年来更是几乎
年年暴发，并且数量上有逐年增加的趋势，严重影响黄东海的海洋渔业生产(程家
骅等, 2004; 严利平等, 2004; 程家骅等, 2005; 江红等, 2010; 孙松, 2012a)。 
























1.1.2  水母暴发的危害 
水母暴发对海洋渔业的威胁 
水母不仅捕食鱼类，还与其竞争饵料资源，所以水母数量剧增往往伴随着渔
业资源密度的下降(江红, 2010; Uye, 2011)。主要表现在：大型水母可以捕食鱼卵
及幼鱼期仔鱼，直接导致鱼类数量的减少；水母还与仔鱼和一些以浮游动物为食
的鱼类竞争食物，影响鱼类在海洋生态系统中的生态位(马喜平和凡守军, 1997; 
Purcell & Arai, 2001; Delannoy et al., 2011)；水母暴发时，大量捕食浮游动物，造
成浮游生物数量在短时间内急剧下降，造成仔鱼的饥饿甚至死亡，使本就匮乏的
渔业资源得不到及时补充(Greve et al., 1994)；水母暴发占据了主要经济鱼类的生
存空间，影响其洄游分布(周永东等, 2004)。同时，水母可作为鱼类寄生虫的中间
宿主，对鱼类的生存造成不利影响(马喜平和凡守军, 1997)。此外，水母暴发能导
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水阀，从而造成系统瘫痪(Purcell et al., 2007; Richardson et al., 2009)，给人们生活
造成不必要的麻烦，甚至带来严重经济损失。另外，水母因其自身特殊的刺细胞
系统对海滨地区的旅游安全产生严重威胁，近年来，水母伤人事件不断增加，严
重的水母刺伤可能导致过敏性反应，甚至造成死亡(Mariottini et al., 2008; Fenner et 
al., 2010)。 
 
1.1.3  水母暴发的可能原因 
水母暴发的成因研究已成为海洋生态研究的一个热点。目前，关于水母暴发
的可能原因主要有以下几种解释：过度捕渔、富营养化、气候变化、迁移及外来
种入侵和生境的变化(Ishii, 2001; 程家骅等, 2004; Lynam et al., 2004; Purcell et al., 
2007; Richarson et al., 2009; Uye, 2011; 孙松, 2012a; Purcell, 2012)。 
过度捕渔 




螅体，一些远洋鱼类捕食水母的蝶状幼体和小型个体(Purcell et al., 2001)。由于高
强度的捕渔，这些鱼类的大量减少甚至消失，为水母打开了生态学上的空隙。例
如：在纳米比亚沿岸上升流生态系统，原来是高生产力的渔业系统，由于高密度
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